In the past few decades, the medical community has faced a rising problem in the spread of antibiotic-resistant bacteria (ARB) and the difficulty of treating related infections. The presence of these bacteria in high-traffic bodies of water, as well as the presence of the antibiotic resistance genes (ARG) floating freely in the water, pose the threat of antibiotic-resistant related infections in individuals living and recreating in these areas of southeast Louisiana. Water samples from coastal waters of southeast Louisiana were analyzed using chemical, microbial, and molecular methods to determine the presence of ARB and ARG. The main species analyzed include Escherichia coli, Klebsiella spp., and Enterobacter spp. They were tested for resistance to carbapenem, monobactam, penicillin, tetracycline, sulfonamide, and cephalosporin antibiotics. The results indicated significant numbers of ARBs were consistently found in the coastal waters, and ARGs were found throughout testing. These results show that these high-traffic recreational bodies of water may be putting wildlife and humans at risk for antibiotic-resistant-related illnesses.
INTRODUCTION
In the modern healthcare industry, antibiotic-resistant bacteria (ARB) infections have become one of the most insidious epidemics seen throughout the world. The need for solutions to the growing antibiotic resistance problem has been the basis of a large number of recent healthcare research projects. The CDC () estimates that each year, at least 2,000,000 people in the United States contract ARB infections, and at least 23,000 of those cases become directly fatal. This statistic also does not take into account the patients who were indirectly killed by the effects of these infections or never had their infection diagnosed.
The methods necessary to treat these infections can be very costly and even harmful to the patient, according to the CDC ().
The spread of resistance is known to come about by the simple use of antibiotics, a practice that has dominated the medical field for the past 70 years since the development of penicillin. Up to 50% of antibiotic prescriptions are misused, involving misdiagnosis or overdosing, according to the CDC (). The CDC also states that antibiotics given either to humans or to livestock kill normal flora indiscriminately, allowing for the remaining resistant bacteria to prosper in a wealth of resources. Both human contact and poorly handled food allow for the spread of these ARB to new hosts that previously did not have the resistant bacteria.
Antibiotic resistance genes (ARG) are a part of the genetic information of ARB, and they can be released into the environment and allow susceptible bacteria to integrate the ARG into their genome and express antibiotic resistance.
In southern Louisiana, the bayous, waterways, and marshlands provide the location for many popular recreational activities. Hunting, fishing, boating, swimming, and other water-based activities play a huge part in the culture of the area and have done so for centuries before.
According to the Louisiana Department of Wildlife and 
MATERIALS AND METHODS

Collection of samples
Chemical analysis
Water temperature, dissolved oxygen, and salinity were measured using a YSI 63 (YSI Inc., Columbus, OH, USA) pH, salinity, dissolved oxygen, conductivity, and temperature probe at the site when samples were collected.
Samples were returned to the laboratory and first analyzed for biological and chemical composition. Phosphate, nitrate, and ammonia concentrations were analyzed using the standard methods described by APHA ().
Bacterial quantification, isolation, and identification
An estimated quantification of both fecal and total coliforms in each sample was measured using the fecal coliform and total coliform most probable number (MPN) method Klebsiella pneumoniae were isolated by quadrant streaking positive A-1 tubes onto EMB medium. At least two EMB quadrant streaks were performed per site. The EMB plates were then incubated at 37 C for 24 hours. The EMB plates were then used to create a second EMB quadrant streak to assure the culture was pure. The second quadrant streak was then used to inoculate a sterile Tryptic Soy Broth (TSB) with 5-10 colonies of the same phenotype.
TSB were then incubated at 37 C for 24 hours. The pure TSB cultures were then used to inoculate triple sugar iron agar slants (TSIA), SIM medium, and Simmons citrate slants. Enterobacter spp. appeared as acid/acid with gas production in TSIA, motile and indole negative in SIM, and citrate positive. Escherichia coli appeared as acid/ acid with gas production in TSIA, motile and indole positive in SIM, and citrate negative. Klebsiella pneumoniae appeared as acid/acid with gas production in TSIA, nonmotile and indole negative in SIM, and citrate positive.
Positively identified specimens were saved for antibiotic resistance testing and unidentifiable specimens were discarded.
For the isolation of Enterococcus spp., 1 mL of sample water from each site was used to inoculate sterile TSB tubes and incubated for 24 hours at 37 C. The TSB was then used to quadrant streak Enterococcal medium. Positive plates were noted by a presence of blackened medium. Five to 10 colonies from positive enterococcel medium plates were then inoculated into a Purple Heart Infusion broth, which contained a salinity of 6.5%. The tubes were incubated at 37 C for 24 hours and were deemed positive if the tube appeared yellow.
Antibiotic resistance assay
Antibiotic resistance was measured via the Kirby-Bauer method described by Delost (). After identification, each pure culture isolate was cultured in TSB and diluted to standard turbidity between 0.08 and 0.10 absorbance. seconds, and final annealing at 72 C for 7 minutes. All DNA primers were obtained from Sigma Aldrich Co (St Louis, MO, USA) and can be seen in Table 1 . A 2% agarose gel was created with ethidium bromide to identify DNA after PCR. The gel was then placed into a tris-acetate-EDTA (TAE) buffer. 7 μL of amplified DNA was combined with 2 μL of 6 × loading dye and transferred into the wells. A 100 bp DNA ladder was used to determine the size of each DNA band and a Bio-Rad PowerPac Basic machine was used for electrophoresis. The gel was then examined using Alpha Innotech FluorChem FC2 transluminater using UV light. Fluorchem FC2 Imaging software was used to capture the image.
Statistical analysis
Water quality data from each site within a season were subjected to a one-way analysis of variance (ANOVA) (p 0.05). All the data represent triplicate analysis with standard deviation.
RESULTS AND DISCUSSION
Chemical analysis
The salinity of Site 1 was found to average approximately 5 parts per thousand (ppt) with little variation and the salinity of Site 2 was found to average approximately 23 ppt, ranging
anywhere from 20.3 to 25.8 ppt, (Table 2) . Water temperature was very consistent between the two sites, and there is a clear increase in temperature in the summer months.
Dissolved oxygen varied monthly, but there seemed to be little to no correlation between the two sites. Phosphate, nitrate, and ammonia concentrations in both sites were below 5 mg/L throughout the study period (Table 2 ).
There is very little variation in these parameters within these two sites other than salinity and ammonia.
Bacterial quantification, isolation, and identification The data represent the average of triplicate analysis. The standard deviation is less than 5%.
total coliform bacteria as these bacteria are not known for salt tolerance.
Antibiotic resistance assay
Several pure cultures were isolated and identified and the bacteria that were present consistently every month in the water sample were Escherichia coli, Enterobacter cloacae/ aerogenes, and Enterococcus spp. Isolates were identified by species using biochemical and assays, and grouped into categories based on speciation. Burch et al. ). Molecular analysis was done to study the presence of these genes that encode resistance to In Site 1, the bacterial isolate was E. coli and in Site 2, the bacterial isolate was Enterobacter cloacae.
tetracycline, namely, tetA, tetW, and tetX and the results are presented in Figure 3 . The tetA gene, which codes for efflux pump modification, was consistently present in both sites.
The tetW gene that codes resistance to tetracycline via ribosomal protection proteins was also found in the water samples. The gene tetX responsible for enzyme modification to confer tetracycline resistance was not observed in this study. We also found mecA gene responsbible for vancomycin resistance in isolates from both sites.
With the threat of resistance always on the rise, certain drugs are reserved as treatments of last resort. Carbapenems are a class of beta-lactam antibiotics that are used primarily to treat infections caused by multi-drug-resistant (MDR) bacteria and they are considered to be drugs of last resort.
Carbapenems are broad-spectrum antibiotics, which means they are able to treat both Gram-positive and Gram-negative bacteria, although they are more commonly used to treat there are many other genes that could be responsible for resistance to both tetracyclines and sulfonamides, which
were not tested in this study.
Practical application and future research prospects ARG and bacteria are found in wastewater from hospitals and animal production, sewage treatment effluent, drinking water, and natural waters and sediments (Zhang et al. ) . 
CONCLUSIONS
The results from this study showed the environmental conditions of two sites in southeast Louisiana that seemed to allow for prosperous bacterial growth. The two sites had significantly different salinity levels, but this only allowed for more variety of species between sites. Chemical data showed that nutrient concentrations were found to be more than sufficient for abundant bacterial growth. Fecal and total coliform data confirmed that microbial life was plentiful at both sites. Kirby-Bauer assay data showed a considerable number of drug-resistant isolates, with up to onethird of some species being resistant to the same drug.
Some isolates were resistant to two or even three of the antibiotics used. Resistance was distributed rather evenly among species, and all species tended to show more resistance to sulfonamide and piperacillin. The presence of ARG in these two sites indicates a possible public health concern for recreational users of these water bodies.
